Background: Macroeconomic downturns have been associated with increased suicide rates. This study examined potential changes in suicide attempts and self-harm in Iceland during a period of major economic transition . Methods: Data were retrieved from the National University Hospital in Reykjavik (population size: 204.725), containing all ICD-10 diagnoses connected to potential suicidal behaviour. Poisson regression models were used to compare attendance rates before and after the 2008 economic collapse. Results: During the study period, a total of 4537 attendances of 2816 individuals were recorded due to suicide attempts or self-harm. We noted a significant change in total attendance rates among men, characterized by an annual increase in attendance rate pre-collapse of 1.83 per 100.000 inhabitants and a decrease of 3.06 per 100.000 inhabitants post-collapse (P = 0.0067). Such pattern was not observed among women. When restricting to first attendances only, we found a reduced incidence post-crisis among both men (RR: 0.85; 0.76-0.96) and women (RR: 0.86; 0.79-0.92). We further found 1% increase in unemployment rate and balance of trade to be associated with reduced attendance rates among men (RR: 0.84; 0.76-0.93 and RR: 0.81; 0.75-0.88, respectively) but not among women. Conclusion: These data suggest no overall increase in attendance rates due to suicide attempts or selfharm following the 2008 Icelandic economic collapse. In fact, a high-point in self-harm and suicide attempts was observed among men at the height of the economic boom and a decrease in new attendances among both men and women after the economic collapse. 
Introduction

L
arge societal and economic changes can affect populatioń s mental health and well-being. 1 Through the years 2003-12, Iceland experienced dramatic changes in the nation's economy, characterized firstly by an economic boom with an average of 6% annual gross domestic product (GDP) growth, and a dramatically expanding banking sector. 2 In the beginning of October in 2008, the blooming economic period came to an abrupt end when the value of the Icelandic selected share index was all-but completely erased and three of the largest banks in Iceland were nationalized. The national currency fell massively until its fall was tempered by the implementation of capital controls.
2 Unexpectedly for the majority of the nation, the Prime Minister announced in a live television broadcast on 6 October 2008, that Iceland was in a real danger of national bankruptcy.
3 A sudden financial collapse had hit Iceland with a following economic recession period, characterized by increasing unemployment rate and decreasing GDP.
Previous studies following the 2008 global economic crisis have found increased risks of psychological morbidity, 4,5 suicidal behaviour 6, 7 and completed suicides. 8, 9 Although self-harm and suicide attempts are generally more common among women than men, 10 some studies have suggested increased risk among men following an economic collapse, especially with rising unemployment rates. 6, 11 However, others have found a decrease in suicide attempts following economic recessions, especially for men. 12 The association between economic recessions and self-harm or suicide attempts are therefore mixed, specifically regarding differential effects for men and women.
Studies on the health effects of the 2008 economic collapse in Iceland have found changes in certain health behaviours 13 and some have found gender specific effects, such as greater increase of stress 14 and immediate increase in attendance to the cardiac emergency among women, 15 while others found an increase in men's hypertension. 16 Taken together, the long-term mental health effects of the economic collapse and following recession in Iceland are not known. The opportunity of obtaining unusually comprehensive data from the health registries in Iceland, along with such abrupt economic changes, provides excellent conditions for research in this area. We set out to investigate potential changes in prevalence of suicidal behaviour in Iceland for the 10-year period surrounding the economic collapse, 2003-12.
Methods
Study design
The study was based on all registered attendances to the National University Hospital of Iceland (NUH), due to potential suicide attempts and self-harm during the years 2003-12. NUH is an academic tertiary hospital and the largest referral centre in Iceland, serving all inhabitants in the main capital area (64% of Iceland's population in 2012) and nearly all severe cases from the whole country.
Population and data acquisition
All attendances to NUH are recorded electronically and patients receive a final diagnosis before discharge according to the International Classification of Diseases, 10th version (ICD-10). We retrieved attendances with ICD-10 discharge diagnosis indicating suicide attempts or self-harm from 1 January 2003 to 31 December 2012, all confirmed and registered by a physician. To our knowledge, this registration process has remained the same through the whole study period and no structural or austerity changes were made before or during the economic recession in either NUH or smaller health clinics. In case of critical cases of suicide attempts or self-harm, patients in NUH are admitted from the Emergency Department (ED), to the psychiatric clinic, or a specialized hospital ward (e.g. the intensive care unit). To achieve completeness of data, we retrieved all visits to the ED and admissions to in-patient care (hereafter called admissions to NUH).
Outcome measurements
The following ICD-10 diagnoses were retrieved: X60-84: Intentional self-harm, Y87: Sequel of intentional self-harm, assault and events of undetermined intent, Z91.5: Personal history of self-harm, T36-50:
Poisoning by drugs, medicaments and biological substances, X40-49: Accidental poisoning by and exposure to noxious substances, and Y10-34: Event of undetermined intent. All medical records are registered by personal identification numbers which are unique for each inhabitant in Iceland. We gathered information for each visit on date and time of arrival and discharge, and the patient's gender, date of birth and residence by postcode.
The majority of the study population lived in the capital area, therefore, we used the whole population living in that area as a source population (N = 204.725).
Explanatory variables
To address whether the years after the economic collapse were characterized by an increase in attendance rates, the study period was dichotomized into a pre-collapse period from 1 January 2003 to 5 October 2008 (unexposed group), and a post-collapse period: 6 October 2008 to 31 December 2012 (exposed group). The date 6 October 2008 marks the definite starting point of the economic recession in Iceland; when the Prime Minister addressed the nation explaining that there was a sudden real danger of national bankruptcy.
3 Hereafter the two periods will be referred as (i) the precollapse period-characterized by low unemployment rate and a high annual GDP growth, and (ii) the post-collapse periodcharacterized by an immediate rising unemployment, decrease in GDP and sudden trade surplus, as opposed to the pre-collapse deficit.
Approvals were obtained for this study from The National Bioethics Committee (ref: 
Statistical analysis
and by the two different registers (ED visits and admissions to NUH). We chose to evaluate age categories including younger individuals, as the age distribution was similar in the oldest and youngest age group and earlier findings have indicated that younger individuals might be more susceptible to stress in Iceland during the economic recession.
14 The age groups were: 18-25, 26-35, 36-45 and 46 years and older. Residence was divided by postal codes into habitation in Central Reykjavik, suburbs of Reykjavik area, other municipalities of the greater capital area and areas outside capital area. We calculated attendance rates per 100.000 inhabitants at the end of each year in the larger capital area to explore potential changes in attendance during the total study period, 2003-12.
To further evaluate a difference between the two study periods, seasonal variations and gender differences, we calculated incidence of hospitalizations due to self-harm per 100.000 inhabitants for each consecutive quarter, for both periods. Each incidence is calculated with the number of capital inhabitants of the same gender and age group at the corresponding year as a denominator, to count for demographic changes in Iceland. The trend of attendances in each period for both genders was estimated with Poisson regression analysis. To further evaluate the difference between the estimated yearly increases, we used Poisson regression. When estimating potential change in the yearly incidence rate per 100.000 inhabitants from pre-to post-collapse period, we used Poisson regression model with the timing of the collapse as a dummy variable to evaluate the risk of post-collapse attendance compared to the relative precollapse attendance, using the same population data for comparison. This was done for the total study population, by gender and for each age group. We used same measures to evaluate the attendance rate by each specific disease-category (based on previously mentioned ICD-10 codes) during the study period and calculated the risk of post-collapse attendance compared with relative pre-collapse attendance in the two most evident disease categories (X60-84 and T36-50). Finally, same measures were used for all new incidences during the study period. In this analysis, only the first attendance of each individual during a respective observation period (pre-and post-collapse) was counted.
To evaluate which economic factors contributed to the association, we used the same method where the dummy variable was replaced with % changes in the Icelandic economic factors; the natioń s unemployment rate and the GDP level. Although those are the two main indicators of business cycles used in the literature, the Icelandic crisis had another aspect to it that we address for completeness. For increased external validity and to identify if found results are likely to be generalizable or due to the specific characteristics of this crisis, we also consider Balance of trade (BoT) as an indicator of the economic circumstances. 17 All statistical analysis were done with R statistical programme. 18 
Results
Between 1 January 2003 and 31 December 2012, a total of 4537 attendances were registered, involving 2548 individuals, 41% men, 59% women and the majority of patients resided in the capital area (86%) (Table1). The majority (86%) of the attendances were registered visits to the ED (3903 visits), while 14% were retrieved from the in-patient register (634 admissions). The most commonly registered cause of attendance was poisoning (63%), followed by personal history of self-harm (19%), and intentional self-harm (16%).
Characteristics of attendees in the pre-collapse and post-collapse period are presented in Table 1 . The number of visits per individuals was higher in the pre-collapse period than the post-collapse period (1.52 vs. 1.42), as could be expected because of the different lengths of the two periods. For ED visitors, the mean age was higher in the post-collapse period (P = 0.03), explained by an observed increase of individuals in the oldest age group (46 + years), rising from 29 to 31% between the two periods (P = 0.01). Gender distribution was similar in both periods (P = 0.52), but a difference in the residence distribution was however observed between periods (P = 0.0005), mainly consisting of a relative increase of attendees living in the capital's suburb areas (from 22 to 27%) in the post-collapse period.
In figure 1 [], the annual attendance rate per 100.000 individuals is presented over the whole study period. For comparison, we present annual changes in BoT during the study period. Both are shown with a Loess curve. When evaluating attendance rates per 100.000 inhabitants and risk of post-collapse attendance compared to pre-collapse, no overall statistically significant changes were observed (RR: 0.95, CI: 0.90-1.01).
In figure 2 , the quarterly age-standardized attendance rate per 100.000 inhabitants is presented for both periods by gender. The division of the two periods is marked by a white gap, representing 6 October 2008. The calculated time trend for men in the precollapse period showed a yearly increase of 1.83 male attendances per 100.000 male inhabitants towards a high point before the economic collapse, while changing to À3.06 per 100.000 in the post-collapse period. For women, we found a slope of À0.90 in the pre-collapse period, and an ongoing downward slope of À0.74 after the collapse, indicating an ongoing decrease of attendance each year. The difference in attendance rate is therefore small between periods for women (P = 0.9336), while the attendance rate change is statistically different pre-collapse compared with post-collapse for men (P = 0.0067).
Risk of attendance post-collapse compared with pre-collapse divided by gender and age groups is presented in Table 2; Table S3 ).
More than one ICD-10 code can be registered for each visit, hence the total number of diagnostic codes was higher (5333) than the total number of attendances (N = 4357). When evaluating risk of attendances for the most specific suicide attempt ICD-10 codes, we did not find a change in risk of attendance. When evaluating by gender, we found no change for womeń s risk of attendance by specific diagnostic codes, while we found decreased risk of attendance for men, both for attendance due to Poisoning (T36-50): (RR 0.87, CI: 0.78-0.97) and own history of self-harm (Z91.5): (RR 0.76, CI: 0.62-0.92).
When evaluating each 1% increase in macro-economic variables and association with attendance, we found a decreased risk of attendance with increasing unemployment rate (RR 0.90, CI: 0.84-0.96) and increasing BoT (RR 0.94, CI: 0.88-0.98). This decreased risk was however only significant for men's attendances with increased unemployment rate (RR 0. 
Discussion
In this population-based study, no overall increase in attendance rates due to suicide attempts and self-harm was observed following the 2008 Icelandic economic collapse. In fact, when evaluating new incidences, a decrease was found for both men and women. Gender-specific analyses indicated a high-point in self-harm and suicide attempts during the economic boom for men, but not for women. Furthermore, the findings indicated that this male effect follows the pattern of some macro-economic variables, specifically unemployment rates and BoT. Following the worldwide 2008 economic crisis, studies have found an increased risk of mental health deterioration, 4, 6, 19 self-harm and suicide attempts 11 -all known suicide risk factors. 20 Furthermore, numerous studies have indicated increased risks of completed suicides following the 2008 crisis, especially among men. 21, 22 Specific austerity-related events following the economic crisis in Greece have been shown to significantly increase suicide rates, 23, 24 and in some countries, an excess rise in suicide rate has been linked to increasing unemployment rate, 22, 25, 26 although the economic causal effect is unclear and may vary across countries. [27] [28] [29] Iceland is a small open economy with its own currency. The dramatic change of the economy in Iceland from extreme prosperity to a sudden economic collapse came as a shock to most Icelanders, as indicated by an increase in stress levels in Iceland shortly after the collapse.
14 Pre-collapse, there was a continual trade deficit, adding to the experienced prosperity within the country, with far greater consumption than represented by the level of local production. The collapse, subsequently led partly to a debt crisis and a trade surplus after the collapse. The unemployment rate was low in Iceland before the collapse (2.3%) and rose rapidly to 9% in 2009. 30 Related to this, countries with low unemployment rate before an economic crisis sets in have shown a greater increase in suicides among men, suggesting that sudden fear and earlier unknown insecurity due to employment might play a role. 8, 26 Due to the velocity and shock of the economic collapse, previous literature and observed increased stress and hypertension, 14, 16 we anticipated a rise in overall suicide attempts and self-harm in Iceland. Our results do, however, not indicate a rise after the crisis and in fact show the opposite; a decreased risk of attendance due to suicidal behaviour with rising unemployment rate.
Although unemployment is a risk factor for mental health indisposition, one protective factor might be the relatively high level of social capital found in Iceland, 31 possibly diminishing the association between unemployment and suicidal outcomes. 22 In times of hardship, a strong welfare system and social cohesion have been shown to be a protective factor for health, [32] [33] [34] both of which apply to the Nordic countries (including Iceland). 31 For example, the number of suicides did not rise in Sweden and Finland during the economic crisis of the 1990's, while the unemployment rate increased substantially from being low before the crisis. 27 One explanation might be that health deteriorates less with higher unemployment rates, due to less social pressure and normalization of unemployment. 35 It has also been shown that areas with active labour-market programmes and sustained welfare spending during recessions have less marked increases in suicide rates than those that cut spending on welfare and job-search initiatives for the unemployed. 7, 27, 36 For example, a special 'Welfare watch' and special labour-market programmes were established in Iceland following the collapse. 31 These factors could partly explain the decrease found for males during the economic recession and decrease of new incidences for both gender, but not the increase during the economic boom.
The peak in men's attendances during the economic boom was associated with the point of greatest purchasing power and trade deficit of the period. Furthermore, the results show that the decrease in men's attendance coincides with increasing unemployment rate and BoT, which occurred during the recession period. Conversely, majority of previous studies seem to indicate men as an affected group during economic recessions in terms of suicide attempts 11 and especially completed suicides. 22, 26 Self-harm and suicide attempts are the most important risk factors for completed suicides, 10, 37 and even though Chang et al. found a rise in male suicides in Iceland in 2009, compared with the years prior to the economic collapse (P < 0.001); 8 our study does not have data on cause-specific mortality. We thus cannot conclude whether our results on changes in suicide-related morbidities indicate changes in risks of suicide.
For women, some studies have reported less effect from economic crises, 5,8 while others have found women's mental health to be more at risk than men's, 38 including Icelandic studies indicating greater stress 14 and increased cardiac morbidity among females. 15 One plausible explanation for our boom-effect findings for men might be that the stress levels for men were in some way higher during the years of extreme prosperity, with increased workload, expenditure and pressure to achieve-which might have led to increased risks of these negative outcomes during the economic boom. In considering such possible fast-lane effects, it should be kept in mind that the extreme prosperity of the pre-collapse period was no less unusual than the post-collapse crisis. Some research has shown that men are more materialistic than women and place greater value on the conspicuousness of product use. 39, 40 It may thus be hypothesized that the mental pressure of this dramatic consumption boom might have affected men disproportionately.
Strengths and limitation
The greatest strength of the study is the use of rich data source on all attendances to a tertiary national hospital, the only referral centre in the main capital area, serving over 60% of the Icelandic population and severe cases of suicide attempts for the whole country. Total attendances and attendances stratified by gender, age groups, diagnoses (ICD-10 codes: X60-84 (intentional self-harm), T36-59 (Poisoning) and ICD Z91.5 (Personal history of self-harm). a: Number of events per year per 100.000 individuals for each age group and gender, adjusted for demographic changes.
Assessments and diagnoses are registered by physicians, with ICD-10 diagnostic codes that are the standard diagnostic tools in medicine and widely used in epidemiological and clinical research, and each patient is registered with their own unique personal social security number, which contains information on age and sex. To our knowledge, no changes were made to clinical resources or the registration process during the whole study period, which should minimize the risk of measurement errors. To adjust for societal change, our denominator adjusts for changes in immigration and emigration as well as changes in the age distribution of the population. However, the study has some limitations that deserve attention. The small size of the source population limits statistical power. It is possible that changes in health-care utilization during the study period affect attendances, although we have no knowledge of austerity changes in health services that could affect the number of individuals seeking health care to NUH. Although we have no data to conclude on this matter, given the serious nature of these outcomes it is unlikely that such behavioural factors-particularly given the gender specific findings-affect our results. Last, every economic collapse is unique. Due to the special features of the economic crisis in Iceland (suddenness and velocity, as well as the added consumption effects of the economic collapse), external validity is limited. In summary, the results surprisingly indicate a peak in suicidal outcomes among men during the economic boom. Although prosperity may have a number of positive health effects, the increasing social pressure to achieve and succeed might also have led to these negative health consequences. Our findings thus indicate that changes in suicidal behaviour and self-harm vary between different subgroups of populations which future studies should take into account.
